The present study carried out the optimisation of the total polyphenol content (TPC) extraction assisted by ultrasound in Ilex guayusa leaves applying response surface methodology (RSM). Also, the evaluation of the antioxidant activity of the extract obtained under the optimal extraction conditions was performed. The effect of the variables like, time of sonication, temperature, ethanol/water ratio and solid/liquid relationship and the interactions between them were analysed through the use of a factorial design 2^4. The significant factors were considered for the optimisation, employing a Box-Behnken Design, and the TPC as response variables. It was found that a quadratic model was adequate, with an adjusted R 2 value of 0.9367. The optimal conditions proposed, by the response surface model were: an extraction temperature of 60 C, sonication time of 29.9 min and ethanol/water ratio of 76.8/23.2. The optimised leaves extract of I. guayusa show a TPC of 3.46 (AE0.17) g gallic acid equivalents/100 g d.w. Radical scavenger activity of the obtained extract at optimum conditions, was performed through the FRAP and ABTS methods, given as result: 0.080 mmol TROLOX equivalents/100 g d.w. and 40.71 μmol TROLOX equivalents/g d.w., respectively. Due to the present findings, I. guayusa extracts can be proposed as a promising component for functional beverages, cosmetic and pharmaceutical formulation.
Introduction
Ilex guayusa Loes. (Guayusa) is a native Amazonian shrub belonging to the Aquifoliaceae family and it is widely widespread in Ecuador, Bolivia, Peru and Colombia. The species is distributed on the Amazonian piedmont and the Andean mountains, on elevation from 200 to 2000 m above sea level (Sidali et al., 2016) . I. guayusa is a dioecious plant, where sexes are separated on two different plants. The shrub can reach from 6 to 10 m tall (Shemluck, 1979) .
Several authors (Dueñas et al., 2016; Innerhofer and Bernhardt, 2011; Patiño, 1968; Wise and Santander, 2018) reported the history and traditional use of I. guayusa leaves as a beverage used in ritual ceremonies in the northwest Amazon region. Three recent critical review article (Gan et al., 2018; Schuster and Mitchell, 2019; Wise and Negrin, 2019) , focus the phytochemical composition, the bioactivity and the nutritional content of the I. guayusa leave extracts in order to empathize the history of safe traditional use of the species.
In our previous research (Radice et al., 2017) , we summarized the traditional uses of I. guayusa tea as a stimulant, diuretic and stomach tonic. The leaf infusion has also been reported as an ethnomedical remedy against diabetes, venereal diseases, flu and body pain. Local traditional knowledge emphasizes the use of guayusa tea in order to increase fertility and libido. Additionally, native people used to drink guayusa tea during an early morning ceremony that promotes body purification by drinking a large amount of beverage and then vomiting. During the ritual, people would talk about the dreams and analyse them to plan the activities of the day, based on the meanings that those dreams had revealed (Sequeda-Castañeda et al., 2016) .
Several studies have been performed in the last years concerning the phytochemical composition of I. guayusa and the species has been reported as an interesting source of secondary metabolites, such as pentacyclic triterpenoid derivatives, xanthines, flavonoids, saponins and chlorogenic acid derivatives (Chianese et al., 2019; García-Ruiz et al., 2017; Pardau et al., 2017; Villacís-Chiriboga et al. 2018 ). In addition, preliminary preclinical assays allowed to partially confirm the traditional use of I. guayusa tea and beverages. A study performed by Chianese et al. (2019) showed the biological activity of ursolic acid, among the bioactive compounds of I. guayusa tea, as responsible for the activation of the G protein-coupled bile acid receptor (TGR5), which is responsible for the regulation of lipid and glucose metabolisms, suggesting that ursolic acid could be associated to the development of new treatments for diabetes and metabolic syndrome. In 1989, an in vivo study by Swanston-Flatt et al. (1989) performed on streptozotocin-induced diabetic mice, showed a preventive effect on hyperglycemia of the I. guayusa decoction. As reported by García-Ruiz et al. (2017) , quercetin-3-O-hexose and chlorogenic acid were described as the main bioactive molecules of I. guayusa extracts obtained from green leaves and two different processed teas (blanched guayusa and fermented guayusa respectively). Chlorogenic acid and quercetin-3-O-hexose have been previously reported for their antioxidant, anticarcinogenic and anti-inflammatory activities (Santana-G alvez et al., 2017; Sharma et al., 2018) . A study performed by Gamboa et al. (2018) showed the potential of the total ethanol extract and its fractions for the treatment of chronic periodontitis, due to their inhibitory activities against P. intermedia, P. gingivalis and F. nucleatum.
Eventually, the toxicity profile of I. guayusa aqueous extracts and traditional herbal tea was shown to be safe (Bussmann et al., 2011; Wise and Santander, 2018) , thus it already exists in the European Union regulations related to herbal infusions and food supplements obtained from dried guayusa leaves (EU, 2018) .
The bioactivity of I. guayusa extracts can be strongly related to the phenolic compounds and also to the extraction methods. All these findings allow promoting I. guayusa derivatives as promising ingredients for functional foods, cosmetic or cosmeceutical formulations.
Several technics are used in order to extract the phenolic compounds, such as extractions performed by supercritical fluid, microwave and ultrasounds, among others (Ali et al., 2018; Cadena-Carrera et al., 2019; Cong-Cong et al., 2017; Chemat et al., 2017; Irakli et al., 2018; Rodsamran and Sothornvit, 2019; Severini et al., 2017) . Especially, the ultrasound-assisted extraction (UAE) is described as an efficient, green, economically viable, easy to operate and widely applicable method, even if its industrial scale-up presents several challenges. Studies performed on phenolic compounds from fresh olives (Deng et al., 2017) and olive pomace (Goldsmith et al., 2018) demonstrated that the UAE can increase phenolic compound yield extraction compared to other methods of extraction, enhancing the antioxidant activity of the final extract. Generally, the UAE technology efficiency can be affected by ultrasonic wave frequency, temperature and sonication time, but also by solvent characteristics; and, the sample particles size also plays a role in the extraction process. The most relevant key factor in UAE is the creation of cavitation bubbles, which break plant tissues in order to release the cell content.
UAE generally enhances extraction efficiency obtaining plant derivatives richer in secondary metabolites compared to those obtained with other techniques. UAE promotes mass transfer and, possibly, rupture of cell walls through acoustic cavitation, improving the efficiency and optimising extraction yield (Jacotet-Navarro et al., 2015; Shirsath et al., 2012) .
This extraction method was optimised using the response surface methodology. This approach involves several model designs like the Box Benheken design, in which the results were modelled by a polynomial equation and the coefficient of determination R 2 and R 2 adjusted allowed to determine the robustness of the model. With these premises, the aim of this study was to optimise the ultrasound-assisted extraction of total polyphenols from I. guayusa leaves using the response surface methodology.
Materials and methods

Plant material
On January 2019, I. guayusa fresh leaves were purchased in the Puyo local market, in the Amazonian region of Pastaza (Ecuador). Prior to the experiments, the fresh leaves were washed using distilled water and dried at room temperature for 48 h. The sample was crushed and sieved to obtain particles smaller than 0.5 mm. Moisture content was performed by gravimetric difference after oven drying at 105 C and drying until constant weight (Horwitz, 2010) . This value was used to determine the initial mass on a dry basis, prior to the extraction process. All chemical reagents and solvents were of analytical quality and purchased from Sigma-Aldrich.
Extracts
Ultrasound-assisted extraction (UAE) technique was applied in order to obtain the extracts, using a Branson 38000, CPXH series (Branson ultrasonic BV, Utrecht, The Netherland) ultrasound bath (with a tank capacity of 5.7 L; frequency of 40 kHz and 110 W). Ethanol was used as extraction solvent according to the methodology reported by Sun et al. (2011) . For each extract, approximately 5 g of leaf sample were placed in a 100 mL Erlenmeyer flask and the corresponding solvent mixture was added. After undergoing sonication at the defined conditions for each experiment, mixtures were filtered through Whatman paper No. 4, at vacuum conditions and stored in amber glass bottles at 4 C until use. In addition, all analysis were performed in the days after the extraction to avoid any changes in the samples due to prolonged storage, although it is well known that polyphenols are relatively stable when vegetal extracts are exposed to high temperatures (Li et al., 2013; Volf et al., 2014) .
Determination of total phenolic compounds
As reported by Singleton and Rossi (1965) , the determination of total phenols in the extracts was performed using the Folin-Ciocalteu method. The assay was carried out using a Genesys 10 UV scanning spectrophotometer. 40 μL of each hydroalcoholic extract and 500 μL of the Folin-Ciocalteu reagent were added in 10 mL volumetric flasks covered with aluminum foil. The mixture was allowed to stand for 10 min and then 500 μL of 10% Na 2 CO 3 was added. The solution was completed to 10 mL with distilled water by making up to the mark and mixed thoroughly. After 2 h of rest in the dark at room temperature, the absorbance was recorded at 765 nm wavelength, measured against the blank that was prepared with 40 μL of distillated water. The content of total phenols was expressed in gram equivalents of gallic acid per 100 g of guayusa leaves based on dry mass (g gallic acid equivalents/100 g d.w.), calculated according to what was reported in previous studies by Abreu-Naranjo et al. (2018).
Antioxidant activity
The antioxidant activity was performed by the elimination tests with 2,2-azinobis (3-ethylbenzothiazoline)-6 sulfonic acid (ABTS) and the iron (III) antioxidant reduction power (FRAP), which are commonly used to measure antioxidant capacity, due to their simplicity and reliability, which means that the assays can be done quickly and the results are reproducible (Prior et al., 2005) .
Free radical scavenging assay, 2,2-azinobis (3-ethylbenzothiazoline)-6 sulfonic acid
The ABTS radical cation discoloration assay, described by Re et al. (1999) , was selected in order to determine the free radical scavenging activity. The ABTS radical was prepared by mixing solutions of 7 mM ABTS and 2.45 mM potassium persulfate, in equal parts. The solution was kept in the dark at room temperature for 16 h for the formation of the radical, which was diluted on ethanol to obtain a 0.873 absorbance. The preparation of potassium persulfate solution was carried out adding 0.663 g of the salt at distilled water and dilute to the mark at 100 mL. The ABTS solution was prepared dissolving 0.384 g in 10 mL of distilled water. Results were expressed in mmol TROLOX equivalents/100g of dry mass, calculated from the equation reported by Abreu-Naranjo et al.
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The antioxidant capacity was calculated by the FRAP trial, according to Benzie and Strain (1996) . 80 μL of each extract was placed in a 10 mL graduated flask, to which 5 mL of freshly prepared FRAP solution was added. After adding the reagent, distilled water was added to the flask until it completed 10 mL, and left at 37 C for 30 min. Reading was recorded at 593 nm wavelength against the control solution. The FRAP reagent was prepared by mixing 2.5 mL of 2,4,6-pyridyl-s-triazine solution (TPTZ) with 2.5 of iron III chloride solution and 25 mL of acetate buffer. For the preparation of the TPTZ solution, 0.03 g of reagent was weighed and placed in a 10 mL graduated flask and diluted to the mark with 40 mM hydrochloric acid. Acetate buffer was prepared dissolving 0.0061 g of sodium acetate in 200 mL of distilled water, 40 Mm hydrochloric acid was added until the mixture reached a pH of 3.5, then it was diluted to the mark with distilled water to 250 mL. For the preparation of the iron (III) chloride solution, 0.1352 g were dissolved in 25 mL of distilled water. Results were expressed in μmol TROLOX equivalents/g of dried mass, calculated according to the equation reported by Abreu--Naranjo et al. (2018).
Experimental design
The experiments were carried out in two stages. The first one was through a factorial design at two levels and four factors (2^4) with a total of 37 experiments, 16 tests, with 2 replicates for each one and 5 repetitions at the central point, to evaluate the curvature model. The four studied variables were sonication time, temperature, ethanol/water ratio and solid/liquid ratio on the extraction of total phenolic compounds. The significant and non-significant factors were analysed through the effects on plain paper (Daniel's chart).
In a second stage, the significant variables were analysed in order to select the optimal levels of the independent variables using a Box-Behnken Design (response surface methodology) and the effect of the independent variable interactions (Al-Dhabi et al., 2017) . In Table 1 are shown the factor level and the central point of the design about the response surface methodology (low, medium, high) on independent coded and uncoded variables. The experimental data were adjusted using the following second-order polynomial equation:
where y represents the predicted response and β 0 , β ii and β ij are the regression coefficients for mean, linear, interaction and quadratic terms, calculated respectively from the experimental results by the least squares method, and x i and x j are independent variables in coded values, ranging from -1 to 1. Design Expert version 10 software was used (Trial version, Stat-Ease Inc., Minneanopolis, MN, USA). The ANOVA analysis was applied to evaluate the relevance of independent variables' influence and interactions (p < 0.05). Additionally, the Pareto chart and the Bonferroni limit were used to improve the selection of significant factors (Anderson and Whitcomb, 2016) . According to results, variables were selected for the optimisation of the extraction process. The model validity was determined by the coefficient of determination (R 2 ), the significance (p) and the lack of adjustment tests.
Model validation
In order to validate the model, coefficient values of adjusted R 2 and predicted R 2 were evaluated. The validity of each experimental series was performed and the model validity was evaluated by analysis of The antioxidant activity was performed after the polyphenolic compound extraction under optimal conditions. Finally, the Authors compared the experimental and predicted values in order to determine the validity of the model.
Results
3.1. Key factors affecting the ultrasound-assisted extraction of total phenolic compounds (TPC) Figure 1a shows the estimation of positive and negative standardized effects on ultrasound-assisted extraction of TPC from I. guayusa leaves, considering that significant variables correspond to higher values of standardized effects (values on the right of the graph) according to (Whitcomb and Oehlert, 2007) . Non-significant effects followed a normal distribution with mean equal to zero and constant variance. This means that, if effects are plotted on normal probabilistic paper, those effects that are not significant will form a straight line, while the active effects will appear far from the normality line.
The Pareto graph and the Bonferroni limit (Figure 1b ) strengthened the significant and non-significant variables (Anderson and Whitcomb, 2016) . As shown in Figure 1 , the ethanol/water ratio, temperature and time, were above the Bonferroni limit, which indicated that they were significant factors and the solid/liquid ratio was found below it, so it had no significant influence. In addition, according to results in Table 2 , the significant (p < 0.05) and non-significant (p > 0.05) factors were confirmed. The interactions, time-temperature, temperature-ethanol/water ratio and time-temperature-ethanol/water ratio were significant, and the remaining interactions among factors were not. In factorial model a good adjustment was obtained with an R-Squared value of 0.9631. Moreover, the R-predicted was 0.8831 and the R-adjusted was 0.9367, with a difference of less than 0.2 that is considered as adequate, according to what exposed by Anderson and Whitcomb (2016) and Crespo et al. (2019) .
According to these results, the influential variables were selected for the optimisation of the extraction process. Other authors have found that in the extraction process of total polyphenolic compounds from the bark of Maytenus macrocarpa (Chuchuguaso), the factor solid/liquid relationship did not influence, while temperature and time were significant factors (Abreu-Naranjo et al., 2018) .
It is important to remark that the positive or negative role of each factor in the mass transfer is not always obvious due to the chemical characteristics of the solvent, saturation effects and the diverse structure and composition of the natural products. Each material or solvent system shows different behaviour, which cannot be predicted (Pinelo et al., 2005) .
In order to understand the effect of ethanol concentration on polyphenol extraction, in a previous study aimed at optimizing the extraction of phenolic antioxidant compounds from Ilex kudingcha (Sun et al., 2011) , used a range of 50-90% ethanol concentration that directly influenced the polyphenol concentration. Increasing the ethanolic concentration, the polyphenol content was higher, until reaching a maximum of 70%, while higher concentration than 70% of ethanol caused a decrease content of TPC. It was also reported that time was a relevant factor on the extraction of this kind of compounds, with statistically significant differences in the studied range. As reported by Bazykina et al. (2002) , the extraction of flavonoids and their glycosides from plant sources can be adequately performed using a polar solvent such as ethanol. Moreover, the solubility of the above mentioned compounds can be boosted mixing ethanol and water. Considering that the extraction system is a key factor, in order to optimize the whole extraction process, several hydroalcoholic mixtures have been tested as solvents to obtain phenolic compounds (Nour et al., 2016; Yu et al., 2005) .
In a recent study (Zhang and Wang, 2016) aimed at optimization of TPC extraction from Vigna angularis, it was found that the optimal ethanol concentration for obtaining extracts was 40% in all the samples tested, therefore, ethanol concentrations between 20 and 60% were investigated. In fact, the authors state that the ethanol concentration was found to be the dominant factor in maximizing TPC extraction. The extraction temperature also was a factor that influenced the process, recording significant differences between temperatures considered on this study. On the other hand, several authors such as Kim et al. (2007) , Wang et al. (2008) and Trabelsi et al. (2010) have found that extraction temperature was an important factor concerning the polyphenols content obtained from plant materials.
Based on factorial experiments, the RSM design that included 17 essays was used to determine optimum levels of ethanol/water ratio, time and temperature. The optimisation objective was to find the best combination between these three independent factors, that significantly influenced the ultrasound-assisted extraction. Table 3 shows the experimental and predicted values used to build the model.
The polynomial second-order model presented the best fit with R 2 value corresponding to 0.9731. The 97.31% of total variation on TPC extraction was determined by the studied factors. Predicted values of total polyphenol compounds concerning the quadratic model and those experimentally obtained were compared and are shown in Figure 2 . Point distribution confirmed the ability of the model to cover the entire range of studied experiments. Point distribution verified the model suitability to cover the entire interval of analysed data, suggesting that the model can be applied successfully.
The Design-Expert Software generated a second-order polynomial equation to demonstrate the relationship between the three factors and the Y TPC predicted response (significant terms were considered):
where A, B and C are coded values referring to temperature, extraction time and ethanol/water ratio respectively. Statistical significance of regression equation, referred to quadratic polynomial model of surface response, was checked using the F test and ANOVA and data are showed in Table 4 . Fisher's F test value was 65.23, considered very high, and a low P < 0.0001, which showed that the model was highly significant. The determination coefficient (R 2 ) was 0.9882, which suggested a satisfactory correlation between the experimental and predicted values.
The Adj R-Squared was 0.9731, which meant that most of the TPC variations (>97%) could be predicted by the model, while only 3% could not. The lack of fit of the model was not significant.
The F value of 1.31 and the P value of 0.3867 suggested that the lack of adjustment was negligible in relation to pure error due to noise.
Graphical representations of regression equation simulated by the Design-Expert Software were represented through 3D response surface and 2D contour graphics. Figure 3 graphically represents the TPC regression equation. In Table 4 , both the figure and the data indicated that the extraction temperature-ethanol/water ratio and ethanol/water ratio-time interactions were not significant and only the extraction-extraction temperature interaction was.
The optimal levels of the studied variables were achieved analysing the surface contour response graphs. The optimal extraction conditions that provided the maximum TPC content (3.38 g gallic acid equivalents/ 100 g d.w.) were: ethanol/water ratio 76.8/23.2 v/v, extraction temperature 60 C and extraction time 29.9 min.
At these experimental conditions, the TPC was 3.46 (AE0.17) g gallic acid equivalents/100 g d.w., which corresponded to that predicted by the model. Villacís-Chiriboga et al. (2018) investigated I. guayusa extracts from adult and young leaves in Pastaza province, reported respectively 3.34 g gallic acid equivalents/100 g d.w. and 2.14 g gallic acid equivalents/100 d.w. Higher values (5.48 g gallic acid equivalents/100 g d.w.) were found by García-Ruiz et al. (2017) on fresh green leaves of the same species. These results can be explained by the stage of leaf maturity, which influences total polyphenol content. Zhu et al. (2009) reported average values of total phenolic compounds corresponding to 10.3 g chlorogenic acid equivalents/100 g d.w. on species from the genus Ilex (I. kudingcha and I. cornuta), proceeding from different geographical regions of China.
By using the Soxhlet technique (Cadena-Carrera et al., 2019), the TPC value obtained for ethanol was 2.23 g gallic acid equivalents/100g; lower than those obtained by UAE.
Radical scavenger activity of the obtained extract at optimum conditions, measured through the FRAP and ABTS methods, was 0.080 mmol TROLOX equivalents/100 g d.w. and 40.71 μmol TROLOX equivalents/g d.w., respectively. Results were expressed on these units for a better comparison with values documented on literature available on Ilex species. Results were found to be lower than the data reported by Pardau et al. (2017) (5.44 g gallic acid equivalents/100 g d.w.). It has been shown that there is an high correlation between TPC and antioxidant activity (Sequeda-Castañeda et al., 2016) .
The antioxidant activity of I. guayusa extract is scarcely documented and there are no reports on the FRAP and ABTS methods, although this bioactivity has been demonstrated through the 2,2-diphenyl-1picrylhidrazyl radical (DPPH) and oxygen radical absorbance capacity (ORAC) methods (Dudonne et al., 2009; García-Ruiz et al. 2017; Sidali et al., 2016; Villacís-Chiriboga et al. 2018 ).
Conclusions
The ethanol/water ratio was the most influential variable in the ultrasound-assisted extraction of phenolic antioxidant compounds from I. guayusa leaves, followed by extraction temperature and sonication time, while solid/liquid ratio was not significant. Through the analysis of surface contour response graphs, the factor levels which provided the maximum theoretical content of TPC were: ethanol/water ratio 76.8/ 23.2 v/v, extraction temperature 60 C and sonication time 29.9 min. The polynomial model presented the best fit, with R 2 value of 0.9731. Results were validated experimentally reaching values very similar to those expected. These results provided valuable information on extraction process referred to antioxidant polyphenols in I. guayusa leaves extract. Antioxidant activity of this species was reported for the first time using the FRAP and ABTS methods.
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